Introduction
Gibberellins (G A s) belong to a class of plant hormones which possesses basically an ent-gibberellane ring structure and are known to be pre requisite for growth and developm ent of higher plants. Since G A s were originally identified as metabolites of the fungus, Gibberella fujikuroi, nearly 90 kinds of G A s have been clarified from higher plants as well as lower plants. Present knowledge on G A metabolism postulates the occurrence of two separate biosynthetic pathways of G A s in the higher plants (Graebe, 1987 ; Takahashi and Kobayashi, 1990) .
It was previously shown that Dioscorea o p p o sita, a cold temperate cultivated species, contained G As that are considered to be as intermediates of early 13-hydroxylation and non-13-hydroxylation pathways and G A 4, an active form of the latter pathway (Tanno et al., 1992) . In the present work, we should examine whether these two biosynthetic pathways of G A s are present in general. We tried to identify endogenous G A s in three species of the genus Dioscorea (yams) from the tropics and the subtropics of the East Asia. Plants from the above mentioned seeds or bul bils were cultivated in the green house (1 5 -3 5 °C) of Tohoku University, Sendai under natural day light condition for more than 4 years. Growing shoots were harvested for extraction in the early September when vigorous growth of the shoots almost terminated.
Materials and Methods

Plant materials
Extraction and purification
The procedures described below were basically similar for each strain. Shoots (0 .6 -2 .3 kg fresh weight) of these four strains of three species were homogenized with a mixer and extracted three times with aqueous acetone. The filterate of the extract was evaporated by a rotary evaporator to aqueous phase, which was mixed with equal vol ume of 1 m K2H P 0 4 (pH 8.2) and successively ex tracted three times with hexane and ethyl acetate (EtO A c). The residual aqueous phase, after ad justing the solution to pH 2.5 with a diluted HC1, was extracted three times with EtOAc. The com bined organic phases were dehydrated through a column of anhydrous Na2S 0 4 and concentrated. 
Bioassay
The eluates from ODS-HPLC were tested by the dwarf rice, Tan-ginbozu, micro-drop assay (Murakami, 1968) . Five seedlings planted on agar, to each of which 1 |il of the test solution was ap plied, were incubated in the light at 30 °C for 3 days. Then, the second leaf sheath length of 5 seedlings was measured and the mean values were shown in the figure. For eluates from N (M e)2-HPLC were used seeds that had been pre treated with uniconazole because of elevating the sensitivity of the seedlings to G As (Nishijima and Katsura, 1989). A typical chromatogram is shown for each species.
Gas chromatography-mass spectrometry (GC-M S)
The procedure has already been reported (Tanno et al., 1992) . Prior to GC-MS, samples were subjected to methylation with diazomethane, and then trimethylsilylation with N-methyl-N-(trimethylsilyl)-trifluoroacetamide. The Kovats reten tion indices of G A s were also determined as previously stated (Tanno et al., 1992) .
Results and Discussion
D. bulbifera var. vera
An acidic EtOAc (A E ) extract from growing shoots of D. bulbifera var. vera (from Nepal) was separated into two biologically active fractions after ODS-HPLC (Fig. 1) . Fraction 22 of ODS-HPLC (column 1 in Table I ) was further purified into a single biologically active fraction (fractions 13 to 15) on N (M e)2-HPLC (column 2 in Table I) , from which G A 19 was identified by its full mass spectrum and Kovats retention index (column 3 in Table I ) of GC-MS (columns 3 to 5 in Table I ). Fractions 2 5 -2 7 on O DS-HPLC were further divided into four biologically active fractions, frac tions 4 -6 , 8 and 9, 11 and 13, on N (M e)2-HPLC, from the last of which, fraction 13, G A 24 was identified by GC-MS (Table I ).
D. pentaphylla
An A E extract from D. pentaphylla (from O ki nawa) was separated into three biologically active fractions after ODS-HPLC (Fig. 1) , two of which were further purified by N (M e)2-HPLC. Fractions 2 5 -2 7 on ODS-HPLC were separated into three biologically active fractions, fractions 4 -6 , 8 and 9, and 1 2 -1 4 , on N (M e)2-HPLC. G A 24 was iden tified from the last fractions by GC-MS (Table I) . Fractions 21 and 22 on ODS-HPLC were purified by N (M e)2-HPLC exhibiting a single biologically active peak (fractions 14 and 15). These fractions were analyzed by GC-MS to identify G A ]9 (Table I ).
An A E extract from D. pentaphylla (from Nepal) was purified by ODS-HPLC, yealding a single biologically active peak (fractions 2 8 -3 0 ). The biologically active fractions were divided into two peaks, combined fractions 8 -1 0 , and 1 2 -1 4 , on N (M e)2-HPLC. Surprisingly, G A 24 was iden tified from both samples (Table I) . It has been known that G A 24 forms a lactol form between C-19 carboxyl group and C-20 aldehyde group (Harrison et al., 1968) . Therefore, it is most likely that a lactol G A 24 was separated from a free acid G A 24 in N (M e)2-HPLC.
D. oppositifolia
In this species elution profile of ODS-HPLC was slightly different from the cases of other species because of modified elution program of the mobile phase (Fig. 1) . ODS-HPLC of the ex tract yielded biologically active fractions 22 and 23. Further, N (M e)2-HPLC gave a fraction 17, in which G A 19 was identified by GC-MS. Fractions 3 4 -3 6 on ODS-HPLC were divided into two bio logically active fractions, a fraction 9 and fractions 14 and 15, on N (M e)2-HPLC, from both of which G A 24 were identified by GC-MS (Table I) (Table I) . Recently, from the dormant bulbils of D. opposita, a culti vated northern cold temperate species of D io scorea, eight GAs, G A 4, G A 9, G A 12, G A 19, G A 20,  G A 24, G A 36 and G A 53, were unambiguously Table I . Identification of endogenous gibberellins by GC-MS as methyl (M e) or methyl trimethylsilyl (MeTMS) derivatives from the growing shoots of four strains of three wild southern, tropical and subtropical species of D io scorea. Biologically active fractions on ODS-H PLC (column 1) were further purified by N (M e)2-HPLC, and the resultant active fractions (column 2) were subjected to be tested by GC-MS after methylation and trimethylsilylation. Per cent abundance (column 4) shows relative intensity o f each diagnostic ion (m /z) normalized on the most intense ion in the full mass spectrum by GC-MS.
